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TITLE OF THE INVENTION 
PERSONAL IDENTIFICATION APPARATUS AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
5 benefit of priority from the prior Japanese Patent 

Application No, 2000-077209, filed on March 17, 2000, 
the entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 
10 1. Field of the Invention 

The present invention relates to a personal 
identification apparatus and method and, more 
particularly, to a personal identification apparatus 
and method using information inherent to a registered 
15 person for identification. 

2. Description of the Background Art 
In recent years, security necessary for, e.g., 
access control for a specific place and, especially, 
security using human biometrical information has 
2 0 received a great deal of attention. In a personal 

identification method using human biometrical 
information, features such as the face, voiceprint, 
fingerprint, iris, nail, and hair related to bodily 
features inherent to a person are extracted, and the 
25 features are identified as personal specific 

information stored in advance, thereby classifying the 
person. 
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Personal identification methods for a conventional 
personal identification apparatus using biometrical 
information are classified into two schemes: "personal 
identification" and "personal classification". In the 
5 "personal identification" method, it is determined 

whether an object person to be identified who uses the 
personal identification apparatus is a registered 
person who has already been registered and also a 
person who can obtain permission. In the "personal 

10 classification" method, it is determined whether an 

object person who uses the personal identification 
apparatus is one of registered persons who have already 
been registered. Processing based on "personal 
identification" may be executed for a person for whom 

15 "personal classification" is done first, and it may 

determine whether the object person is a registered, 
permitted person. 

For the personal identification or personal 
classification, each personal information, i.e., 

20 specific information of each registered person is 

stored in a database which stores the specific 
information. The specific information of the object 
person is extracted by the extraction device in the 
personal identification apparatus, which extracts the 

25 specific information of the object person. The 

extracted specific information is compared with all of 
a plurality of pieces of specific information stored in 



the database, thereby classifying between the 
registered persons and the object person. 

A case wherein the personal identification 
apparatus is an access control system will be examined. 

Analysis of the usual use forms of persons to be 
identified who use the access control system may reveal 
that some specific registered persons often use the 
system, i.e., are permitted to enter a specific place 
by the access control system and enter there many times, 
and some registered persons use the access control 
system only once in several months. 

In addition, if the number of registered persons 
is large, the verification is time-consuming because 
the specific information of the object person must be 
compared with each of the pieces of specific 
information of the registered persons until the 
specific information of the object person matches the 
specific information of a registered person. 
Especially, when the pieces of specific information of 
the registered persons are compared with the specific 
information of the object person in the order of 
registration, the later the registration time is, the 
longer the verification time becomes. This may prolong 
the standby time for the object person for 
identification. The pieces of specific information of 
the registered persons are arranged in the order of 
registration of the registered persons, as described 
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above, or in the order of name, staff number, or the 
like. The specific information of a new registered 
person is registered after the already stored 
information, and this order is fixed and stored in the 
5 database or the like. 

Furthermore, when a plurality of pieces of 
specific information (e.g., fingerprint and face) of 
the object person are compared with the pieces of 
stored specific information of the registered persons 

10 to improve the accuracy of security, the comparison 

time becomes longer, resulting in a further increase in 
standby time for the object person. 

BRIEF SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 

15 to provide a personal identification apparatus which 

reduces the time required for verification between 
registered persons and an object person and suppresses 
the standby time for verification of the object person 
by appropriately changing the registration order of the 

20 registered persons in accordance with the use situation 

of the registered persons on, e.g., an access control 
system, and a method therefor. 

According to the present invention, there is 
provided a personal identification apparatus comprising 

25 a storage device which stores specific information of 

each of registered persons, an extraction device which 
can extract specific information of an object person 
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from the object person, a classification device which 
classifies whether the object person is included in the 
registered persons by comparing the pieces of specific 
information of the registered persons, which are stored 
5 in the storage device, with the specific information of 

the object person, which is extracted by the extraction 
device, and a registered information operation device 
which sorts an order of the pieces of specific 
information of the registered persons, which are stored 

10 in the storage device, in accordance with a use 

situation of the registered persons, or sets whether 
the registered persons are to be subjected to 
classification. 

According to the present invention, there is also 

15 provided a personal identification method comprising 

storing specific information of each of registered 
persons in a storage device, extracting specific 
information of an object person from the object person, 
classifying whether the object person is included in 

20 the registered persons by verifying the pieces of 

specific information of the registered persons, which 
are stored in the storage device, with the specific 
information of the object person, which is extracted in 
the extracting step, and performing operation of 

25 sorting an order of the pieces of specific information 

of the registered persons, which are stored in the 
storage device, in accordance with a use situation of 



the registered persons, or setting whether the 
registered persons are to be subjected to 
classification . 

The registered information operation device sorts 
the pieces of information of the registered persons in 
accordance with the elapse time from the preceding 
classification time or the frequency of classification 
and makes it possible to execute classification 
preferentially for persons with high use frequency. 

The registered information operation device makes 
it possible to select persons to be subjected to 
classification from the registered information, thereby 
preventing any unnecessary classification operation and 
decreasing the computation cost. 

When the priority order of classification is low, 
the classification device requests retry or performs 
classification using another feature. With this 
processing, a person who rarely uses the apparatus can 
be double-checked, and high-level security can be 
ensured. 

The registered information storage device has a 
presentation function of presenting information such as 
the priority order of classification to the 
administrator. The administrator can easily acquire 
information representing who uses the apparatus at 
which frequency, and high-level security can be ensured. 

The personal identification apparatus using 
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biometrics may require control to exclude, from the 
classification targets, a specific person who is 
registered in the registered information storage device 
or set a valid date. For example, control is required 
5 to inhibit a person from using the authentication 

system only during a certain period because his/her 
feature used for biometric authentication cannot be 
extracted because of injury or the like, or set 
specific groups in the database and make the system to 

10 classify a group A at a time and a group B at another 

time. Hence, when a function of selecting the data is 
added, the convenience can be improved. 

The personal identification apparatus can be 
applied not only to a management system such as an 

15 access control system but also a personal 

classification technology for a compact authentication 
device or pet robot having no large storage unit, and 
can be used to identify data of several persons at a 
high speed. 

20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a block diagram of a personal 
identification apparatus according to an embodiment of 
the present invention; 

FIG. 2 is a view showing information registered in 
25 a registered information storage device according to an 

embodiment of the present invention; 

FIGS. 3A and 3B are views showing information 
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sorting executed by a registered information operation 
device of the present invention; 

FIG. 4 is a flow chart for explaining 
classification operation according to an embodiment of 
5 the present invention; and 

FIG. 5 is a flow chart for explaining 
classification operation according to another 
embodiment of the present invention; and 

FIG. 6 shows a display example of the display 
10 device. 

DETAILED DESCRIPTION OF THE INVENTION 
The arrangement of an embodiment of the present 
invention will be described below with reference to the 
accompanying drawing. 

15 FIGS. 1 to 5 are views showing a personal 

identification apparatus of the present invention, in 
which signals flow in the directions of arrows. A 
human face will be used here as specific information. 
However, information related to a bodily feature such 

20 as a fingerprint, voiceprint, hair, or nail can also be 

used as specific information, or a physical key such as 
an IC card can also be used as specific information. 
Security can be improved using a plurality of pieces of 
specific information . 

25 FIG. 1 is a block diagram of the personal 

identification apparatus of the present invention. The 
personal identification apparatus comprises a feature 



extraction device 1 which extracts the specific 
information of an object person, a registered 
information storage device 2 which stores the specific 
information of each registered person, a registered 
information operation device 3 which sorts the pieces 
of specific information stored in the registered 
information storage device 2 in accordance with the use 
situation of the registered persons or setting whether 
the registered persons are to be subjected to 
classification, and a classification device 4 which 
compares each specific information stored in the 
registered information storage device 2 with the 
specific information of the object person. 

The feature extraction device 1 comprises an image 
input device 6 which receives an image from a TV camera 
5 sensing the face as the specific information of the 
object person, a face region detector 7, a facial parts 
detector 8, a feature vector generator 9, and a 
subspace computation device 10. As the TV camera 5, a 
TV camera capable of sensing an object under visible 
light or, e.g., at night when a region to be captured 
is dark, an infrared camera using light other than 
visible light can be used. A plurality of TV cameras 
or different TV cameras may be used. 

The registered information storage device 2 has a 
storage device 11 and presentation device 12. The 
registered information operation device 3 is formed 
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from a control determination device 13 and sorting 
device 14. The classification device 4 comprises a 
similarity computation device 15, output information 
generator 16, ID reader 17, timepiece 18, and sensor 19. 
5 A personal identification method for the personal 

identification apparatus with the above arrangement 
will be described. 

The face image of an object person is captured by 
the TV camera 5, and the captured image is 
10 A/D-converted by the image input device 6. The 

A/D-converted image is sent to the face region detector 
7 . 

The face region detector 7 detects the region of 
the face of the object person from the received image. 

15 As the face region detection method, for example, 

correlation values are obtained while moving a template 
prepared in advance in the image, thereby detecting a 
place with the largest correlation value as the face 
region. Alternatively, for example, a background image 

20 prepared in advance without capturing the object person 

with the TV camera 5 is compared with the image of the 
object person, which is captured with the TV camera 5, 
in units of pixels, and correlation values for the 
respective pixels are obtained, thereby detecting the 

25 face region. For example, a place with the largest 

correlation value is detected as the face region. The 
eigenface method or subspace method may also be used to 
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detect the face region. 

For the image after face region detection, facial 
parts such as eyes, nose, and mouth and their positions 
are detected by the facial parts detector 8. To detect 
5 the facial parts, for example, a method described in 

Kazuhiro Fukui and Osamu Yamaguchi, "Facial Feature 
Point Extraction Method Based on Combination of Shape 
Extraction and Pattern Matching", Systems and Computers 
in Japan, vol.29. No. 6, 1998, the entire contents of 

10 which are incorporated herein by reference is used. 

On the basis of the detected facial parts and 
their positions, the feature vector generator 9 sets 
the face region to predetermined size and shape and 
converts the set face region into grayscale information 

15 of each pixel. The grayscale information is used as 

the feature of the object person. In this case, 
grayscale values in the face region having m pixels x n 
pixels are directly used as feature information, and 
m x n dimensional information are used as feature 

20 vectors. 

The subspace computation device 10 obtains a 
correlation matrix C^ from the feature vectors on the 
basis of the features of the face region of the object 
person. Normalized orthogonal vectors (eigenvectors) 

2 5 are computed by K-L expansion the correlation matrix C^, 

thereby obtaining a subspace. This subspace is 
expressed using an eigenvector set which is formed by 
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selecting k eigenvectors corresponding to eigenvalues 
in descending order of eigenvalues. Here, the 
correlation matrix C d = O^d^d" 1 is diagonalized to 
obtain an eigenvector matrix O . 

The pieces of specific information of registered 
persons, which are stored in the registered information 
storage device 2, are registered in the registered 
information storage device 2 in advance by the 
above-described operation to form an identification 
dictionary (to be simply referred to as a dictionary 
hereinafter) used for identification between the object 
person and the registered persons. To store the 
specific information of a registered person first, the 
information is sent from the feature vectors from the 
feature vector generator 9 or the subspace from the 
subspace computation device 10, and stored. 

The storage device 11 stores, for each registered 
person, pieces of information including the captured 
image or extracted feature as the specific information 
of the registered person, the dictionary, the name of 
the registered person, the registration number, the 
registration date when these pieces of information are 
stored in the storage device 11, and the use situation 
such as the date/time and place of identification of 
the registered person. The pieces of information 
registered for each registered person have, e.g., the 
data format as shown in FIG. 2. At the initial time, 
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the pieces of information are arranged in the order of, 
e.g., registration. 

The presentation device 12 can present the pieces 
of information stored in the storage device 11, 
5 including its sequential structure, to the 

administrator who administrates the personal 
identification apparatus, as needed. For example, when 
the administrator requests the personal identification 
apparatus to present "persons to be identified, who 

10 recently used the personal identification apparatus" or 

"images of persons who used the personal identification 
apparatus from X to Y o'clock", pieces of information 
stored in the storage device 11 are read out and 
presented to the presentation device 12. The 

15 administrator can easily obtain necessary information 

at a necessary time. 

The registered information operation device 3 
reads out the pieces of information registered in the 
registered information storage device 2, sorts and 

20 appropriately updates the information under an 

arbitrary condition, sends the pieces of sorted 
information to the registered information storage 
device 2, and causes it to store them. 

More specifically, the control determination 

25 device 13 determines the sorting method for the 

information stored in the registered information 
storage device 2, computes the time required for 
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determination of sorting, or changes the items. The 
sorting device 14 receives the stored information to 
change the order of registered information, sorts the 
pieces of received information in accordance with the 
5 reference designated by the control determination 

device 13, and transmits the sorted information to the 
registered information storage device 2. 

To sort the information, for example, the quick 
sort algorithm is used. However, any other method can 

10 be used as long as it can sort the information. 

As shown in FIGS. 3A and 3B which show an example 
of a change in information sorting, the administrator 
causes the registered information operation device 3 as 
needed to sort the pieces of information, which are 

15 arranged first in the order of registration number, in 

the ascending order of elapse times from the last 
classification of the object person and registered 
person by the personal identification apparatus. For a 
registered person with a short elapse time, the order 

20 for display (storage) is set to a small number position. 

To the contrary, for a registered person with a long 
elapse time, the order is set to a large number 
position. 

As for the timing of sorting, sorting can be 
25 automatically performed at a predetermined time 

interval or when classification between the registered 
persons and the object person has been executed, or 
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performed by the administrator as needed. The sorting 
can be executed for all pieces of information or only 
pieces of classified information. When the pieces of 
information are sorted, the classification operation 
5 for the registered persons and object person by the 

classification device 4 can be efficiently performed. 

The pieces of registered persons stored in the 
registered information storage device 2 can be 
appropriately selected depending on whether they are 

10 information to be identified. For example, when it is 

obvious that a registered person is not permitted to 
enter a specific room although his/her information is 
stored, a corresponding selection flag (ON/OFF) in 
FIGS. 3A and 3B are turned off, thereby setting a 

15 selection disable state. 

The classification operation by the classification 
device 4 for the (pieces of information of) registered 
persons and the (information of) object person will be 
described next. 

20 A person is classified by comparing information 

extracted by the feature extraction device 1, e.g., the 
feature obtained by the feature vector generator 9 or 
the subspace obtained by the subspace computation 
device 10 with the dictionary stored in the registered 

25 information storage device 2. 

More specifically, the similarity computation 
device 15 compares, for example, the feature from the 



feature extraction device 1 with dictionaries from the 
registered information storage device 2 and computes 
the similarities. In computing the similarities, the 
stored dictionaries are verified in the order of 
arrangement, and the most similar dictionary is 
selected as the identification result. For this 
identification, if the feature from the feature vector 
generator 9 is used, the subspace method or multiple 
similarity method can be used. In this embodiment, a 
mutual subspace method provided by USP. 4,752,957, the 
entire contents of which are incorporated herein by 
reference is used. 

In identification operation, first, the 
registration number or the like is read by the ID 
reader 17 using a card, registration number, password, 
key, or the like, and the similarity between the 
extracted face of the object person and the dictionary 
of the face of each registered person corresponding to 
the card or number of the registered person is computed. 
Only when the result exceeds a preset threshold value, 
the object person is to be identified the registered 
person. 

The computed similarity, the classification 
date/time read by the timepiece 18, and the classified 
state obtained by the sensor 19 are sent to the 
registered information operation device 3. 

The operation of the classification device 4 



- 17 - 



changes depending on whether the object person is to be 
classified or identified. 

<Classif ication> 
To classify whether the object person is one of 
5 the registered persons, who is a limited registered 

person satisfying a certain condition, verification is 
performed for only k pieces of information at 
higher-order positions in accordance with the order of 
sorted information or for only pieces of information 

10 selected by the selection flags. As the value k, a 

number necessary for operation is set in consideration 
of tradeoff with the time that allows good response of 
classification . 

(1) Classification processing when the 

15 predetermined number k of persons who satisfy a 

condition are to be classified 

The k pieces of information to be classified are 
read out from the registered information storage device 
2. The similarity between each readout information and 

20 the information of the object person is computed. 

Information having the highest similarity is selected 
from the computation results, and the selected 
information is output as a classification result. To 
further determine whether the selected information is 

25 most appropriate, the similarity may be compared with a 

threshold value and authenticated when the similarity 
is equal to or larger than the threshold value. 
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(2) Classification processing for a person 
selected by selection processing 

Of the pieces of information stored in the 
registered information storage device 2, only pieces of 
information for which a condition is set by the 
selection flag or the like are read out. The 
similarity between each readout information and the 
information of the object person is computed. Of the 
computation results, information having the highest 
similarity is output as a classification result. To 
further determine whether the selected information is 
most appropriate , the similarity may be compared with a 
threshold value and authenticated when the similarity 
is equal to or larger than the threshold value. 

A case wherein the classification fails in 
processing operations (1) and (2) will be examined. 

The classification by processing operations (1) 
and (2) probably fails due to the following three 
reasons . 

(a) The classification is not executed because the 
object person is not included in the k selected persons 

(b) The classification is not executed although 
the object person is included in the k selected persons 

(c) The classification is not executed because the 
object person is a person other than the registered 
persons . 

In the case of reason (a), the object person can 



be classified by executing classification processing 
again for (n-k) pieces of information of registered 
persons . 

In the case of reason (b) , classification needs to 
be executed again, or the classification processing 
needs to be executed by another means. 

In the case of reason (c) , since the registered 
person is not recorded on the registered information 
storage device 2, the classification processing is not 
successfully executed. 

The retry operation will be described with 
reference to the flow chart shown in FIG. 4. 

First, the information of the object person as 
input data is compared with k registered persons 
(pieces of information up to the k-th person) (SI) . 
This input data will be referred to as input data Dl so 
that it can be distinguished from data to be acquired 
by the feature extraction device 1 from the object 
person later. When the input data Dl is compared with 
the pieces of information of the registered persons, 
and classification is successfully done, the result can 
be used without any problem (S2) . If the verification 
fails, the information of the object person may match 
one of the remaining pieces of information after the k- 
th person, which are stored in the registered 
information storage device 2, so comparison with the 
remaining personal data is necessary. Multiple check 
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is necessary to compare information that is probably 
present at a lower-order position with the information 
of the object person. Hence, a new feature is 
extracted again from the object person. The extracted 
5 input data will be referred to as input data 2 (S3) . 

After that, the data of the (n-k) persons are read out 
(S4) . 

The classification device 4 compares the input 
data Dl with each of the pieces of information 

10 (dictionaries) of the (n-k) persons after the kth 

person, which are stored in the registered information 
storage device 2 (S5) , extracts a dictionary with the 
highest similarity, and compares the input data 2 with 
the extracted dictionary (S6) . It is determined 

15 whether verification between the input data 2 and the 

dictionary is successfully done (S7) . If the 
comparison is successfully done, it can be determined 
that the object person is a registered person stored at 
a lower-order position in the registered information 

20 storage device 2, and the processing is ended. If the 

comparison fails, it is determined that the object 
person is a person who is not registered in the 
registered information storage device 2 (S8) . 

The classification by processing (2) fails 

25 probably due to the following three reasons. 

(a) The classification is not executed because the 
object person is not included in members selected in 



advance . 

(b) The classification fails although the object 
person is a member selected in advance. 

(c) The classification is not executed because the 
object person is a person other than the registered 
persons . 

The re-classification operation will be described 
with reference to the flow chart shown in FIG. 5. 

First, the information of the object person as 
input data is compared with the dictionaries of all 
registered persons registered as selected members (Sll) 
This input data will be referred to as input data Dl so 
that it can be distinguished from data to be acquired 
by the feature extraction device 1 from the object 
person later. When the input data Dl is successfully 
compared with any one of the dictionaries of the 
selected members, the object person can be classified 
as a selected member, and the processing is ended (S12) 

If the verification fails, probably, the retry 
fails, or the object person is a registered person 
other than the selected members or a person other than 
the registered persons. 

If such verification fails, a new input is 
requested (S13) , the input data Dl is stored in the 
registered information storage device 2 again, and 
multiple check is performed. A new feature is 
extracted from the object person, and the extracted 
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feature is defined as input data 2. Unselected data 
are read out (S14), and the input data Dl is compared 
with the pieces of unselected registered persons (S15) . 
After that, a dictionary with the highest similarity is 
5 extracted, and the extracted dictionary is compared 

with the input data 2 (S16) . 

It is determined next whether the verification is 
successfully done (S18). If YES in step S18, it is 
determined that the object person is a registered 

10 person but an unselected member, and a result "not 

permitted" or "registered but unselected member" is 
presented to the object person. At the same time, that 
the object person is an unselected member is recorded 
on the registered information storage device 2, 

15 including the classification time and the number of 

times of classification (S19) . If NO in step S18, it 
is determined that the object person is a person who is 
not stored in the registered information storage device 
2, and information "not permitted" or the like is 

20 presented to the object person (S20) . 

<Identif ication> 
First, information (to be referred to as input 
data Dl) extracted by the feature extraction device 1 
from the object person is compared with k pieces of 

25 information (sorted) of dictionaries stored in the 

registered information storage device 2. If the 
verification is successfully done, a result such as 
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"permitted" is presented to the object person. If the 
verification fails, a new feature (to be referred to as 
input data 2) is extracted from the object person, and 
the input data Dl is compared with the k-th and 
subsequent dictionaries. If the verification is 
successfully done, a result such as "permitted" is 
presented to the object person. If the verification 
fails, a dictionary having the highest similarity with 
respect to the input data Dl is compared with the input 
data 2. If the verification is successfully done, 
information such as "permitted" is presented to the 
object person. If the verification fails, information 
such as "not permitted" is presented. 

In the above embodiments, face information 
representing a plurality of face patterns regarding the 
same person, for example, frontal face, oblique face 
and face wearing glasses are included in the dictionary 
The face patterns are read out from the dictionary and 
verified with the object face in identifying or 
classifying. Concretely, a classification screen and 
candidate screens are displayed on a display device of 
the personal identification apparatus as shown in FIG. 
6. The classification screen displays the face of the 
object person, and the candidate screens display a 
plurality of face patterns read out from the dictionary 
In this manner, if a plurality of face patterns of the 
same person are stored in the dictionary, 
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classification accuracy is improved. 

In the present invention described above, the time 
required for comparison between registered persons and 
an object person can be reduced, and the standby time 
5 for comparison of the object person can be shortened by 

appropriately changing the registration order of the 
registered persons in accordance with the use situation 
of the registered persons on, e.g., an access control 
system. 

10 That is, classification processing can be executed 

at a higher speed by sorting the verification order of 
registered persons in various ways or selectively 
narrowing down the registered persons. For example, a 
person who frequently uses the system is preferentially 

15 stored at a higher-order position in the registered 

information storage device 2 (the registered persons 
are arranged in the order of use frequency) , thereby 
shortening the time to search for a registered person 
related to the classification operation. 

20 Conversely, a person who rarely uses the system is 

stored at a lower-order position (after the k-th 
position) , and therefore, the classification fails for 
the first to, e.g., k-th registered persons. However, 
since the classification processing must be more 

25 carefully executed because the use frequency is low, 

the security can be improved by multiple check. 

The administrator can check the use situations of 
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the registered persons or select a defined number of 
persons to be identified, so the convenience can be 
improved, and the computation cost can be reduced. 

In the above embodiments, although the 
5 classification device classifies using only one feature 

per object person, the security level can be increased 
by executing classification by simultaneously 
extracting a plurality of features (specific 
information of the object person or physical key) from 
10 the object person. 

The face feature can be extracted by the feature 
extraction device using any method as far as the 
feature is necessary for classification. 

As for the selection flag, whether the 
15 verification is successfully done is determined 

depending on the presence/absence of the flag. For 
example, to express and classify a plurality of groups, 
group names "group A", "group B", "group C", and the 
like may be described, and the object persons may be 
20 selected and classified. 

The registered information storage device can 
register one or a plurality of pieces of information in 
correspondence with one registered person or one ID 
code . 

25 In the above embodiments, the present personal 

identification apparatus is applied to access control 
for a specific place. However, the present invention 
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can apply to a computer in order to specify a computer 
operator . 

According to the present invention described above, 
the time required for classification between the 
5 registered persons and the object person can be 

shortened by changing the order of classification of 
the registered persons. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
10 the invention in its broader aspects is not limited to 

the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
15 defined by the appended claims and their equivalents. 



